Abstract: The traceless Staudinger ligation can be mediated in water without organic co-solvents if charged groups render the phenylphosphine reagent water soluble. Here the synthesis of a new water-soluble phosphine is presented based on a diphenylphosphinophenol reagent. Staudinger ligation with this reagent and azido glycine amide showed conversion of 77%.
The Staudinger Ligation is a bioorthogonal conjugation reaction which needs no catalyst to proceed. 1 Thus it has been employed for in vitro and in vivo labeling of several biomolecuJes as carbohydrates, proteins, and nucleic acids.2 Developed by Bertozzi in 20003 the reaction is based on the Staudinger reduction, wherein an azide is reduced by a phosphine via an imi11ophosphorane intermediate. 4 In the Ligation reaction an intramolecular acetylation of the iminophosphorane takes place, and after hydrolysis an amide bond is formed. 5 In the traceless variant the arylphosphine is part of the leaving group, and just a native amide bond between the ligation partners is formed (Scheme 1). Here, we target on the pbosphinophenol 3 which has been used for peptide conjugation and glycoconjugation to proteins so far. 12 We reasoned that tertiary benzylic amines should facilitate easy synthesis using inexpensive starting materials. The modification should be placed at the unsubstituted phenyl rings of phosphinophenol 3 leading to the structure of 4. Additionally, these positive charged groups best mediated the Staudinger Ligation in case of the methanethiol derivatives.
Our synthesis starts with the protection of phenol with ethyl vinyl ether (EVE) and catalytic amotmts of pyridinium p-toluenesulfonate (PPTS, Scheme 2). 13 This protecting group is also mediating directed metalation required for subsequent directed ortho metalation (DOM). The next step was the selective introduction of the phosphor moiety in a DOM reaction with diethyl chlorophospbite. The N,N-dimethylbenzylarnine moiety was introduced by halogen-lithium exchange using bronlide 7 and subsequent addition to phospbonite 6. The yield was 66% and the main side products were butyl-substituted phospbines.
benzyl bromide and is also commerciaUy available. Scheme 2 Synthesis of water-soluble pbosphinophenol Next, the Staudinger ligation with this new water-soluble phosphinopbenol was investigated. Therefore compound 9 has been acetylated in pyridine using acetic anhydride yielding phosphine 10 which should be capable to transfer the acyl group in a Staudinger ligation reaction. Watersoluble azidoglycine amide has been chosen as ligation partner. To increase the water solubility of acetylated phosphinophenol 10 the TFA salt was used which is hygroscopic and well soluble in water (> 0.1 M). The reaction proceeded slowly as monitored by 1 H NMR, but after 30 hours conversion stopped, and the product was formed in 77% yield (Scheme 3). ln summary, here we present a five-step synthesis of a water-soluble, unsymmetrically substituted triphenylphosphine-based reagent for traceless Staudinger ligation in water at neutral pH. The employed phosphine 9 is
Scheme 3 Investigated traceless Staudinger ligation in water stable towards oxidation at least for one week in solution. Although the triphenylphosphine core is highly hydrophobic, the two introduced tertiary amines increase the water solubility of the phosphine sufficiently and thus, reactions in water without organic co-solvents are possible. The conversion of the Staudinger ligation reaction is comparable to the water-soluble methanethiol derivatives, 11 which seem to be more susceptible to oxidation since only two phenyl rings stabilize the phosphine.
Diethyl Arylphosphonite 6
To a solution of EVE-protected phenol (2.99 g, 18.0 mrnol) in anhyd THF n-BuLi (1.6 Min hexane, 12.4 mL, 19.9 mrnol) was added dropwise at 0 oc, stirred for 1.5 h hours at 0 oc and further 1.5 h at r.t. The dark solution was added to a cooled (-78 °C) solution of (EtOhCIP in THF (10 mL) and stirred 16 h with warming to r.t. After evaporation of THF the residue was distilled in vacuo (1 mbar, 104 °C} and isolated as colorless liquid (2.9 g, 56%). 1 
Phosphine 8
To a solution of compound 7 (3.43 g, 16 mrnol) in anhyd THF (20 mL), n-BuLi (1.6 M in hexane, 10 mL, 16 mrnol) was added dropwise at -78 oc and stirred for I h. Diethyl arylphosphonite 6 (2.15 g, 7.5 mrnol) in THF (1 0 mL) was added dropwise and stirred for 20 h with warming to r.t. and quenched with distilled H 2 0 (10 mL). After phase separation the water layer was extracted with CH 2 Cl 2 (2 X 10 mL), and the combined organic phases were dried (MgS0 4 ) and concentrated in vacuo. The residue was purified by flash column chromatography (EtOAc, then 2% MeOH in CH 2 Cl 2 containing 1% E~N) to afford triarylphosphine 8 (2.29 g, 66%) as slightly yellow oil. 
Staudinger Ligation
TFA salt of phosphine 10 (60 mmol) and azidoglycine amide (78 mmol) were combined in D 2 O (0.8 mL) and the reaction monitored by 1 H NMR. Conversion has been determined by peak integration.
